into rectangular pieces and painted with dielectric paste (Gwent Group, UK) to define an electrode area of 1 cm
2 .
An electrochemical dealloying procedure was employed to prepare NPG 4 . Briefly, the alloy was allowed to be anodized at +1.5 V vs. SCE in 0.5 M NaF at room temperature 5 (20±2 °C) for 10 min and subsequently cleaned by scanning the potential from -0.2 to 1.65 V in 1 M H2SO4 at 100 mV s -1 for 15 cycles. The reduction peak of 15 th cycle of cyclic voltammogram (CV) was used to calculated the electrochemically addressable surface area (Areal) of NPG assuming a unit of 390 μC cm -2 for the reduction of a single layer of gold oxide 5 . The roughness factor (Rf) is defined as the ratio of Areal to the 10 geometric area (Ageo). The average pore size and crack width of NPG by analysing at least 30 measurement points of scanning electron microscopic (SEM) images obtained a Hitachi SU-70 SEM at 15 kV. 
Enzyme immobilisation
where l (cm) is the PVA film thickness, R (Ω) is the bulk resistance obtained from the Nyquist plot, A (cm -2 ) is the contact area of the PVA film with Toray paper electrodes. 15
The ionic conductivity of 0.1 M pH 7.0 PBS was measured at 25 o C using a Jenway 4510 conductivity meter (cell constant = 1.01 cm -1 ).
Assembly of the all-solid-state biosupercapacitor 20
The device was assembled by sandwiching the PVA hydrogel as a solid electrolyte between a NPG/Os(dmbpy)2PVI/GOx bioanode and a NPG/Os(bpy)2PVI/BOx biocathode. Dialysis cellulose membranes (Spectra/Por ® 1, 6-8 kD Molecular weight cutoff, Spectrum Medical Devices, CA) were used to encapsulate the assembled cells. 25
Electrochemical measurements
Electrochemical characterisation was performed using a CHI802 potentiostat (CH Instruments, Austin, Texas) with a three-electrode system comprising NPG based working electrodes, a saturated calomel electrode (SCE) as the reference electrode and a platinum mesh counter electrode. All experiments were carried out at room temperature (20±2 °C) unless stated otherwise.
The assembled EBFCs using aqueous or solid-state electrolyte were tested in a twoelectrode system by using a NPG/Os(dmbpy) and cutoff at 0.3 V, followed by discharging at 0.1 mA cm -2 and cutoff at 0 V.
